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[57] ABSTRACT

A magnetic resource apparatus includes a mainly cylin-
drical RF coil (9) having a longitudinal directed central
axis (33) and symmetry plane (35) which contains the
central axis and a reference plane (37). The reference
plane extends perpendicularly to the symmetry plane
and also contains the central axis. The coil (9) has a
number of rod conductors (39) which extend, parallel to
the central axis (33), across a mainly cylindrical surface,
and loop conductors (41) which extend around the
central axis near the ends of the rod conductors, the
length of the rod conductors (39) situated near the sym-
metry plane (35) being greater than that of the rod
conductors situated near the reference plane (37). In
order 1o enable sharp and low-noise images to be made
of the neck of a patient, the rod conductors (39) which
are situated near the symmetry plane (35) and to one
side of the reference plane (37) have a length which is
greater than that of the rod conductors situated near the

symmetry plane and to the other side of the reference
plane.

7 Claims, 2 Drawing Sheets
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MAGNETIC RESONANCE APPARATUS
COMPRISING A BIRD-CAGE RF COIL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1nvention relates to a magnetic resonance appa-
ratus, comprising a mainly cylindrical RF coil having a
central axis which extends in its longitudinal direction,
which coil has a symmetry plane which contains the

central axis and a reference plane which extends per-

pendicularly to the symmetry plane and which also
contains the central axis, and also comprises a number
of rod conductors which extend, parallel to the central
axis, across a mainly cylindrical surface and loop con-
ductors which extend around the central axis near the
ends of the rod conductors, the length of the rod con-
ductors situated near the symmetry plane being greater
than that of the rod conductors situated near the refer-
ence plane. The invention also relates to an RF coil
suitable for use i such an apparatus. -

2. Description of the Related Art

An example of such an apparatus is known from EP-
A-0 141 383. FIG. 3D of the cited document shows an
RF coil, one of the loop conductors of which is circular
whereas the other loop conductor is more or less sad-
dle-shaped, so that recesses are formed at one end of the
coil. A magnetic resonance apparatus comprising an RF
coll of this type 1s suitable for examination or imaging of
the head of a patient by means of magnetic resonance.
To this end, the coil can be arranged around the head of
a patient, the shoulders of the patient fitting in the reces-
ses so that the coil can enclose the head completely.
Except for a window for observation of the face of the
patient, provided at one side, the known coil has a four-
fold cylindrical symmetry. One or more of the rod
conductors are interrupted so as to form said window.
The location of the window is chosen so that the inter-
rupted rod conductors carry no or hardly any current
during operation of the coil, so that the interruptions
hardly influence the symmetry of the coil from an elec-
trical point of view. The cited document explains that
an RF coil having four-fold cylindrical symmetry offers
a number of advantages, notably because such a coil has
two orthogonal resonant modes at the same resonant
frequency, enabling quadrature activation or read-out
of the coil, both modes being simultaneously excited or
received.

It has been found that there is a need for a magnetic
resonance apparatus which is suitable for examination
of the neck of a patient, that is to say a part of the body
which extends from approximately 1 cm above the eyes
as far as the third cervical vertebra. An apparatus com-
prising the known RF coil 1s not suitable for this pur-
pose, because the coil is only capable of enclosing the
head. This problem could in theory be solved by mak-
ing the recesses for the shoulders deeper, but it has been
found that in that case the signal-to-noise ratio of the
coil 1s substantially degraded.

It is an object of the invention to provide a magnetic
resonance apparatus of the kind set forth which is par-
ticularly suitable for examination of the neck of a pa-
tient with an acceptable signal-to-noise ratio. To
achieve this, the device in accordance with the inven-
tion is characterized in that the rod conductors which
are situated near the symmetry plane and to one side of
the reference plane have a length which is greater than

that of the rod conductors which are situated near the
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symmetry plane and to the other side of the reference
plane..

The invention is based on the recognition of the fact
that when the part of the known RF coil which faces
the feet of the patient is simply made longer, an RF field
will be generated not only at the back side of the patient
(at the area of the cervical vertebrae), but also at the
area of parts of the patient which need not be imaged,
notably at the side of the breast. The latter field, there-

fore, does not contribute to the acquisition of usefuil

information concerning the body, but does contribute to
the noise of the system, so that the signal-to-noise ratio
1s adversely affected. The RF coil of the device in ac-
cordance with the invention is shaped so that at one side
it extends further in the direction of the feet of the pa-
tient than at the other side. When the coil is arranged
around the head of the patient so that the longest rods
are situated at the back side of the patient, these long
rods will extend as far as underneath the third cervical
vertebra, whereas the shorter rods at the side of the
breast will extend only as far as the chin. As a result, a
substantial part of the field generated at the breast side
of the patient will be situated in the void between the
chin and the body. This part of the field does not dissi-
pate and does not contribute noise, so that the signal-to-
noise ratio is enhanced. Moreover, as a result of this step
the RF coil may be smaller (contain less conductor
material), so that the coil losses (copper losses) are also
reduced. Thus, again less noise is generated.

The signal-to-noise ratio can be further improved in a
preferred embodiment of the device in accordance with
the invention which is characterized in that the distance
between rod conductors situated diametrically near the
reference plane is smaller than the distance between rod
conductors situated diametrically near the symmetry
plane. This embodiment takes into account the fact that
the cross-section of the head is approximately owval,
resulting in voids between the coil and the sides of the
head when an RF coil having a circular cross-section is
used, so that the coil would become unnecessarily large,
leading to the described adverse effects for the signal-
to-noise ratio. The cross-section of the RF coil in said
preferred embodiment is adapted substantially to that of
the head.

A potential drawback of the device in accordance
with the invention consists in that, due to the abandon-
ment of four-fold symmetry, it is no longer ensured that
the coil has two orthogonal resonant modes with the
same resonant frequencies. This drawback can be elimi-
nated by a further embodiment of the device in accor-
dance with the invention which is characterized in that
at least one capacitive element is connected in series
with each rod conductor, the capacitance connected in
series with each of the rod conductors near the symme-
try plane being greater than the capacitance connected
in series with each of the rod conductors near the refer-
ence plane. When the values of the capacitances con-
nected in series with the rod conductors, being variable,
if desired, are suitably chosen, an approximately equal
contribution of the currents in the rods is achieved. As
a result, over the major part of its length the coil is
electrically equivalent to a coil having four-fold sym-
metry, so that quadrature read-out is readily possible.

This equivalence does not hold, or only to a small
extent, for the end portion of the coil which faces the
feet of the patient and which contains rod conductors
only at the back side of the patient. Consequently, quad-
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rature operation of the coil 1s less attractive, notably
when measurement takes place in that portion of the RF
coil. Therefore, a further embodiment of the device in
accordance with the invention is characterized in that
there are provided switching means for selectively de-
activating the connection between one of the two con-
nection means and. the transmitter and/or receiver
means. In this embodiment a change-over from the

quadrature mode (where both orthogonal resonant
modes are excited or received) to a linear mode (where
only one resonant mode is active) is readily possible.

BRIEF DESCRIPTION OF THE DRAWING

These and other aspects of the invention will be de-
scribed in detail hereinafter with reference to the draw-
ing, wherein: |

FIG. 1 shows diagrammatically an embodiment of a
magnetic resonance apparatus in accordance with the
invention,

FIG. 2A 1s a side elevation and FIG. 2B is a cross-sec-
tional view of an embodiment of an RF coil for the
apparatus shown in FIG. 1, and

FIG. 3 shows a version of an electrical diagram for
the coil shown in FIG. 2.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The magnetic resonance apparatus which is diagram-
matically shown in FIG. 1 comprises a first magnet
system 1 for generating a steady main magnetic field H,
a second magnet system 3 for generating magnetic gra-
dient fields, and first and second power supply sources
5 and 7 for the first magnet system 1 and the second
magnet system 3, respectively. A radio-frequency (RF)
coil 9 serves to generate an RF magnetic alternating
field; to this end, it is connected to the output of an RF
amplifier 11. For detection of spin resonance signals
generated by the RF transmitted field in an object to be
examined (not shown), use can also be made of the RF
coil 9; to this end, it 18 connected to a signal amplifier 13.
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The output of the signal amplifier 13 is connected to a

detector circuit 15 which is connected to a central con-
trol device 17. The central control device 17 also con-
trols a modulator 18 feeding the RF amplifier 11, the
second power supply source 7 and a monitor 21 for
display. An RF oscillator 23 controls the modulator 19
as well as the detector 15 processing the measurement
signals. For cooling, if any, of the magnet coils of the
first magnet system 1 there 1s provided a cooling device
25 comprising cooling ducts 27. Such a cooling device
may be constructed as a water cooling system for resis-
tive coils or, as for the high field strengths desired in the
present case, for example as a liquid helium cooling
system for superconducting magnet coils. The RF coil
9, arranged within the magnet systems 1 and 3, encloses
a measurement space 29 which i1s large enough to ac-
commodate a patient to be examined, or a part of a
patient to be examined, for example the head and the
neck, in an apparatus for medical diagnostic measure-
ments. Thus, a steady magnetic field H, gradient fields
selecting object slices, and a spatially uniform RF alter-
nating field can be generated within the measurement
space 29. The RF 9 can combine the functions of trans-
mitter coil and receiver coil. Alternatively, different
coils can be used for the two functions, for example
measuring coils in the form of surface coils. Hereinafter,
the RF coil 9 will usually be referred to as the measur-
ing coil. For the use of the coil as a transmitter coil, the
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same considerations apply in conformity with the reci-
procity theorema. If desired, the coil 9 may be enclosed
by an RF field shielding Faraday cage 31.

The FIGS. 2A and 2B are a side elevation and a
cross-sectional view, respectively, of the RF coil 9
whose shape 1s chosen so that the coil is particularly
suttable for making images of the neck of a patient. The
coll has a mainly cylindrical shape with a central axis 33
extending in its longitudinal direction, a symmetry
plane 35 containing the central axis, and a reference
plane 37 which extends perpendicularly to the symme-

try plane and which also contains the central axis. The
central axis 33, the symmetry plane 35 and the reference
plane 37 are denoted by dash-dot lines in the FIGS. 2A
and 2B. The coil 9 is composed of a number (twelve in
the example shown) of rod conductors 39 which extend
across a mainly cylindrical surface, parallel to the cen-
tral axis, and loop conductors 41 which extend around
the central axis near the ends of the rod conductors. The
rod conductors 39 and the loop conductors 41 behave as
self-inductances for RF electric currents. In order to
ensure that the coil resonates at given frequencies, ca-
pacitive elements (not shown in the FIGS. 2A and 2B)
are mncluded in the rod conductors 39 and the loop
conductors 41.

The length of the rod conductors 39 situated near the
symmetry plane 35 is greater than that of the rod con-
ductors situated in the vicinity of the reference plane.
One of the loop conductors 41 (the right-hand loop
conductor in FIG. 2A) is situated mainly in a fiat plane,
the other loop conductor being approximately saddle-
shaped, so that a space 43 for the shoulders of the pa-
tient 1s formed at the left-hand end of the coil 9. More-
over, the length of the rod conductors 39 situated in the
vicinity of the symmetry plane 35 to one side of the
reference plane 37 (the lower side in FIG. 2A) is greater
than that of the rod conductors situated to the other
side. Consequently, the left-hand end of the coil 9 ex-
tends further to the left at the lower side of the refer-
ence plane 37 than at the upper side. When, in the posi-
tion shown in FIG. 2A, the coil 9 is arranged around the
head of a patient lying on his back, the coil will extend
approximately as far the chin of the patient at the upper
side and approximately as far the third cervical vertebra
at the lower side. It is thus achieved that on the one
hand an image of the entire neck can be formed and that
on the other hand substantially no RF field is generated
or measured in the breast of the patient. Such a field
would not contribute to the useful information for imag-
ing, but would make a contribution to noise. Thanks to
the described steps, therefore, the signal-to-noise ratio
can be considerably improved.

The signal-to-noise ratio is improved further in that
the distance a between the rod conductors 39 situated
diametrically near the reference plane 37 is smaller than
the distance b between the rod conductors situated
diametrically near the symmetry plane. As a result of
this step, the coil 9 has a slightly oval cross-section,
corresponding to the likewise slightly oval shape of the
human head. As a result, hardly any void space will
remain between the head and the coil, so that the dimen-
sions of the coil are as small as possible and the amount
of conductor material (preferably copper) required for
the rod and loop conductors will also be as small as
possible. The copper losses are thus reduced for the
benefit of the signal-to-noise ratio.

F1G. 3 shows a version of an electrical diagram of the
left-hand loop conductor 41 of FIG. 2A and the adjoin-



5,347,220

S

ing portions of the rod conductors 39. The loop conduc-
tor 41 may be constructed, for example as a series con-
nection of electrically conductive portions 45 and ca-
pacitive elements, for example capacitors 47. The elec-
trically conductive portions 45 may be, for example
tracks on a flexible, electrically insulating support (not
shown), a capacitor 47 being soldered between the ad-
joining ends of every two conductive portions. The rod
conductors 39 may be formed by metal rods or tubes. In
series with each rod conductor 39 there may also be
connected a capacitive element 49 which consists of a
parallel connection of a fixed capacitor 51 and a vari-
able capacitor 53 in the present embodiment. A suitable
choice of the values of the capacitive elements 49 ena-
bles the contributions of the currents in the rod conduc-
tors 39 to be approximately equal. As a result, the coil 9
which has only a two-fold symmetry (relative to the
symmetry plane 35) from a geometrical point of view
behaves as a coil having a four-fold symmetry from an
- electrical point of view, the reference plane 37 then also
acting as the symmetry plane. Consequently, the coil 9
has two resonant modes with equal resonant frequencies
and an approximately equal current in all rod conduc-
tors 39. It has been found that this situation can be
achieved when the capacitance of the capacitive ele-
ments 49 n series with the rod conductors 39 near the
symmetry plane 35 1s higher than the capacitance of the
capacitive elements connected in series with the rod

conductors near the reference plane 37. The positions of

the symmetry plane 35 and the reference plane 37 are
indicated in FIG. 3 for the purpose of orientation. The
exact values of the capacitive elements 49 can be simply
adjusted by means of the variable capacitors 53. A suit-
able choice of the capacitances of the capacitive ele-
ments 47 in the loop conductor 41 can contribute to the
currents in the rod conductors 39 becoming approxi-
mately equal. If desired, these capacitive elements may
also comprise variable capacitors.

The coil 9 comprises first and second connection
means 35 and 57 which each consist of a pair of connec-
tion terminals in the present embodiment, one terminal
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the second resonant mode is extracted via the second
connection means 57. The connection between one of
the two connection means 55, 57 and the signal ampli-
fier 13 can be interrupted by means of the switching
means 59, 61. This may be advantageous so as to im-
prove the signal-to-noise ratio, for example when a
measuring zone situated in the vicinity of the left-hand
end of the coil 9 in FIG. 2A is chosen by means of the
gradient coils 3. In that zone the contribution by the
two resonant modes is very unequal, so that the signal-
to-noise ratio is adversely affected in the case of quadra-
ture read-out. The signal-to-noise ratio can then be
improved through linear readout where only the signal
of one of the resonant modes is processed by the signal
amplifier 13. The switching means 59, 61 can be con-
trolled by the central control device 17. Evidently, they
can also be constructed so as to render the receiver
means insensitive to one of the two resonant modes
other than by interruption of a connection. When the
coil 9 is used as a transmitter coil, evidently the connec-
tion means 55, 57 will be connected, via the switching
means 59, 61, to the RF source 11 operative to excite the
two resonant modes. If desired, there may also be pro-

- vided switching means (not shown) enabling the use of
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being connected to an electrode of one of the capacitors -

51 whereas the other terminal is connected to the other
electrode of said capacitor. The connection means 55
and 57 can 1nstead be connected, if desired, to a (capaci-
tive and/or inductive) portion of the loop conductor 41

45

or be inductively coupled to one of the rod conductors -

39 or a portion of the loop conductor 41. The first con-
nection means 35 are connected to the capacitor 51
which is connected in series with the longest rod con-
ductor 39 (the lower conductor in the FIGS. 2A and
2B) and the second connection means 57 are connected
to the capacitor which 1s connected in series with one of

the shortest rod conductors (the extreme left conductor

in FIG. 2B). The first connection means 55 are con-
nected, to the previously mentioned signal amplifier 13
via first switching means 89, and the second connection
means 57 are connected thereto via second switching
means 61. In the connections between the connection
means 35 and/or 57 and the signal amplifier 13 there
may also be inserted, if desired, RF decoupling means
(not shown) for decoupling the two read-out points for
RF currents. Together with the detector 15 and the
central control device 17, the signal amplifier 13 forms
part of receiver means which are operative to receive
the two resonant modes of the coil 9. The signal associ-
ated with the first resonant mode is extracted via the
first connection means 355 and the signal associated with
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the coil for transmission as well as reception.

I claim:

1. A magnetic resonance apparatus, comprising a
mainly cylindrical RF coil having a longitudinally di-
rected central axis and a mutually perpendicular sym-
metry plane and reference plane which intersect each
other along the central axis, and also comprises a plural-
ity of rod conductors which extend paraliel to the cen-
tral axis across a mainly cylindrical surface, and loop
conductors which extend around the central axis near
the ends of the rod conductors, said plurality of rod
conductors including rod conductors which are situated
diametrically near the symmetry plane on opposite sides
of the reference plane and rod conductors which are
situated diametrically near the reference plane on oppo-
site sides of the symmetry plane, the reference plane on
opposite sides of the symmetry plane, the rod conduc-
tors situated near the symmetry plane on opposite sides
of the reference plane being longer than the rod con-
ductors situated near the reference plane on opposite
sides of the symmetry plane, and the rod conductors
situated near the symmetry plane on one side of the
reference plane being longer than the rod conductors
situated near the symmetry plane on the other side of
the reference plane.

2. A magnetic resonance apparatus as claimed in
claam 1, wherein a distance between rod conductors
situated near the reference plane on opposite sides of the
symmetry plane is smaller than a distance between rod
conductors situated near the symmetry plane on oppo-
site sides of the reference plane.

3. A magnetic resonance apparatus as claimed in
claim 1, characterized in that at least one capacitive -
element is connected in series with each rod conductor,
such that a capacitance in series with each of the rod
conductors near the symmetry plane is greater than a
capacitance in series with each of the rod conductors
near the reference plane.

4. A magnetic resonance apparatus as claimed in
claim 1, in which the RF coil comprises first and second
connection means for connecting the RF coil to trans-
mitter or receiver means for excitation or reception,
respectively utilizing first and second resonant modes of
the RF coil, further comprising switching means for
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selectively deactivating a connection between one of
the two connection means and the transmitter or re-
Celver means.

5. An RF colil suitable for use in a magnetic resonance
apparatus, said coil being mainly cylindrical, having a
longitudinally directed central axis and a mutually per-

pendicular symmetry plane and reference plane which

intersect each other along the central axis, and also

comprises a plurality of rod conductors which extend
parallel to the central axis across a mainly cylindrical

surface, and loop conductors which extend around the
central axis near the ends of the rod conductors, said
plurality of rod conductors including rod conductors
which are situated diametrically near the symmetry
plane on opposite sides of the reference plane and rod
conductors which are situated diametrically near the
reference plane on opposite sides of the symmetry
plane, the rod conductors situated near the symmetry
plane on opposite sides of the reference plane being
longer than the rod conductors situated near the refer-
ence plane on opposite sides of the symmetry plane, and
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8

the rod conductors situated near the symmetry plane on
one side of the reference plane being longer than the rod
conductors situated near the symmetry plane on the
other side of the reference plane.

6. A magnetic resonance apparatus as claimed in
claim 2, characterized in that at least one capacitive
element is connected in series with each rod conductor,
such that a capacitance in series with each of the rod
conductors near the symmetry plane is greater than a
capacitance in series with each of the rod conductors
near the reference plane.

7. A magnetic resonance apparatus as claimed in
claim 6, in which the RF coil comprises first and second
connection means for connecting the RF coil to trans-
mitter or receiver means for excitation or reception,
respectively, utilizing first and second resonant modes
of the RF coil, further comprising switching means for
selectively deactivating a connection between one of
the two comnnection means and the transmitter or re-

celver means.
% % i - 1 . -
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